Abstract. The velocity and attenuation of ultrasonic stress waves in gabbroic rock samples (San Marcos, California) subjected to shock loading in the 2 GPa range were studied. From P wave velocity measurements we determined the damage parameter Dp and crack density e of the samples and related these to the attenuation coefficient (quality factor) under dynamic strains of 2 x 10 -? and at a frequency of 2 MHz using the ultrasonic pulse-echo method. A fit to the data yields the P wave spatial attenuation coefficient at a frequency of 2 MHz, ap(Dp) = 1.1 + 28.2Dp (decibels per centimeter). From the relation between the attenuation coefficient and quality factor, the quality factor Q is given by Q-• -0.011(1 + 25.6Dp)(1 -Dp) •/•'.
where C is wave velocity and f is frequency. For a plane wave propagating in a medium, the amplitude of stress is given by
A(L, t) -Aoe -•L e i(•L-•t) ,
where L is propagation distance, cv is angular frequency, k is wave number, and t is time. Here the e i(kL- • --dL '
Two methods can be used to evaluate crack density in rocks, one is suggested by O'Connell and Budiansky [1974, 1977] 
where C is the wave velocity of the rock with cracks and Co is the intrinsic wave velocity of the rock. Because (C/Co) • is the ratio of elastic moduli of rocks before and after the damage, D describes the relative modulus change of rocks.
Because stress wave attenuation results from the occurrence of cracks, the relationship between attenuation coefficient and damage parameter has an important role in understanding the propagation of stress waves in damaged rocks. The present study presents the first experimental data describing stress wave attenuation in damaged rocks. Attenuation coefficients and damage parameters (and crack densities) in a series of damaged The recovered target was cut into I cm cubes, such that two surfaces of the samples were paralleled to the impact surface of the target. These cubes were polished until the variation of thickness for each sample was less than 0.03 mm. Because water was used when the samples were polished, the samples were placed in an oven under normal pressure at 100øC for 24 hours before the measurements. This procedure is similar to that used by Polanskey and Ahrens [1990] .
The pressure of the shock wave induced by the impacting in the target can be estimated using the power decay relation ") ,' > ,'o,
P-Po(ro -where r and ro are the radial distance and the equivalent radius of the projectile, respectively. This expression is mainly based on experimental data. Po is the shock wave pressure on the impact surface, and • is assumed to be 1.5 for nearly crack-free rocks [Ahrens and O'Keefe, 1977] . The initial shock wave pressure Po is calculated to be 11 GPa using the impedance-match method [Ahrens, 1987] and the equations of state of lead and gabbro [Ahrens, 1987; Ahrens and Johnson, 1995] and the velocity of projectile. The shock wave pressure in the gabbro target is then estimated as P-2.27r -•'5, The signal from the strain gauge is amplified and then recorded using the Gould oscilloscope.
Data
Reduction P wave velocity and damage parameters . P wave velocity is measured by using two transducers. One is an ultrasonic wave generator and the other the receiver. We first measure the time duration for a pulse to be generated and received without an interposing 
where •V and V are the voltage change and the supply voltage across the strain gauge, respectively. The strain amplitude is calculated with (13) and (14).
Experimental Results and Analysis
The P wave velocities and damage parameters for about 20 samples are listed in Table I The definitions of X and Y are given in Figure 8 .
In order to relate the attenuation coefficient to the location of samples in the initial target, a coordinate system is defined in Figure 8 . 
From (15) and (24) Because attenuation coefficients depend on the surface area of cracks, the change of attenuation coefficients with damage level reflects the change of crack surface area; therefore the average crack size can be 7. Using semiconductor strain gauges, the strain induced in the sample by the ultrasonic stress wave was measured to be about 2 x 10 -7.
